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Introduction

1
Through respiration, the lung is exposed to a variety of xenobiotics. There is now a well 2 established link between air pollution and associated adverse health impacts (e.g. Stone et al., 3 2007; Chuang et al., 2013) , especially for those in susceptible groups e.g. children, the elderly 4 and those with pre-existing conditions e.g. asthma. Of particular current concern is ambient 5 PM10; particulate matter 10 μm and below. These particles are suspended in the atmosphere 6 and can be both naturally, e.g. crustal, volcanic, and biological, and anthropogenically, e.g. The oxidative capacity of inhaled particles is strongly implicated as a cause of PM10 mediated 
14
Oxidative stress is initiated when there is imbalance between oxidants and antioxidants, 15 caused either by an increase in oxidants or a decrease in antioxidants . It Cu, Zn and Ti. Alternatively ROS may arise from direct generation on the particle surface, 25 6 which is particularly significant for the ultrafine particles due to high surface area to mass 1 ratios (Baulig et al., 2009 ). It has also been proposed that the organic compounds associated 2 with PM10 generate ROS, as well as endotoxins from bacterial sources (Bonner, 2007 ).
The particle properties which are responsible for ROS generation remain unclear (Scapellato 5 and Lotti, 2007). Particle size/surface area and transition metal content are two properties 6 which have previously been implicated in particle toxicity (Oberdörster et (January -October 2008). Prior to testing using the PSA, particles were stored in a freezer.
10
Particles were removed from substrates using a novel freeze-dry protocol (Price et al., 2010) .
11
Due to the particle yields on individual substrates being below the required mass for the in 12 vitro assays, samples across the entire sampling period were combined for each size fraction.
13
The particle sizes in this study are dry particle sizes as determined by the ELPI impactor weight percent). Due to their homogeneity 100 spectra were analysed for the CB particles. 
High Resolution-Transmission Electron Microscopy (HR-TEM)
12
To investigate the insoluble particles collected during the measurement campaign, and to 13 supplement the FESEM investigations, sampled particles were visualised using HR-TEM. Particles were suspended in MB H2O at concentrations between 10 µg/ml and 1 mg/ml. The not removed for the calculation of TD50s as it has also been identified in other studies (e.g.
5
Reche et al., 2012). In that study, this baseline was not accounted for and therefore for 6 comparison with previous work this was also not accounted for in our calculations. carbon and oxygen. Contamination of CB-1 was below 1% (S, Cu, Si) and for CB-2 below 7 5% (Cu, Fe, Pb, S, Si). Combustion particles were the most abundant particle type collected at the site by number.
18
Individual soot particles were resolved in size fractions below 100 nm (Figures 1a and 1b) , predominantly carbon particles, but due to the combustion formation process, they were often 21 also associated with surface-bound transition metals ( In urban air these are generally the most numerous particles in PM10, especially in the fine were discovered in the fine and coarse size fractions (Figure 2 ), and were of respirable size. and Mn in the fine-coarse particles (Table 2) . Marine particles were also found in the coarse 5 fractions of PM (Figure 1e ). These can be either directly sourced from the sea or resuspended 
Carbon black (CB) particles
12
As the mass-based concentration of CB to which the DNA was exposed to increased, the Table 3 for comparison with previous studies 23 using the PSA. As the concentration of particles to which the DNA was exposed to increased, the differential chemistry of the coarse, fine and nano-fractions in this study ( and Swansea can be considered "large" UK cities by population and are located 50 km apart.
4
In the Koshy study (Cardiff) and this study (Swansea), sampling was undertaken centrally to 5 the city. Both sampling sites were located at the edge of busy routes bisecting the cities. By   6 averaging the size fractions, the TD50 for fine (N28-2399) particles in Swansea was 123 μg/ml. Swansea (28 nm) than in Cardiff (100 nm). In the coarse size range, the TD50 for PM10-2.5 in
13
Cardiff was 493 μg/ml, which was slightly lower than in Swansea (651 μg/ml) for N2400-10,000.
14 For similar sampling settings in two geographically close cities the ROS generation potential 15 of the PM was similar. This comparability suggests that OR could be generalised more 16 widely than a singular sampling site as long as the site types were the same.
18
The results from Swansea suggested lower oxidative activity for fine and coarse particles in are likely to contribute to differences in the bioreactivity between the two cities. 
Effect of particle size
10
The nano-size fractions were capable of generating the greatest bioreactive response, as
11
shown by the TD50 values (Table 3 ). The N94-155 fraction with a TD50 of 69 µg/ml constituted 12 the most bioreactive fraction, but all the sub-100 nm size fractions exhibited TD50s below 100 this difference was significant (t = -11.982, p<0.05 and t = 26.007, p<0.05 respectively). This
22
shows that there was a statistically significant higher oxidative activity capacity for UF and comparison to their larger counterparts, and as such particle size is now considered to be a 26 dominant parameter in influencing lung toxicity (Bonner, 2007) . In this study, the enhanced 3.6 Effect of particle-bound transition metals 26 Surface-bound transition metals are considered to be a further source of OR in PM10 (e.g. 100 and 400 nm, and CB-1 (Figure 6 ), which was found to consist of 100-250 nm diameter 4 carbon particles with <1% transition metal content (Table 1 ). Only CB-1 was compared since 5 CB-2 was not capable of generating either a TD50 or TD35 using non-linear modelling. The suggests a driving role for Zn in this study, though this could not be proven statistically. particle properties which drive the oxidative response which were not analysed in this study 1 (e.g. particle charge and organic constituents). The PSA is an early stage assay for testing the OR of particles and can be considered an 5 initial step towards investigating more holistic health effects of inhalation exposure to PM10.
6
In this study, the oxidative potential of PM10 was linked with particle size and surface area; 7 particles within the ultrafine and fine fractions were capable of generating higher levels of 8 oxidative activity than coarse particles. Despite similar particle sizes, the CB particles were Zn (and Fe) in the generation of oxidative activity, though this was not proven directly.
13
This study has added to previous work by using an enhanced particle size resolution; this 14 allowed the most in-depth analysis of the effect of particle size on OR using the PSA that has Financial support for this work was provided by NERC RCUK.
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